Cutaneous malignant melanoma (CMM) is a complex disorder with genetic, environmental, and host factors contributing to its pathogenesis. CDKN2A is the major known high-risk melanoma susceptibility gene. MC1R also infl uences melanoma risk but is described as a low-risk susceptibility gene ( 1 -3 ) . Although much has been learned since CDKN2A was identifi ed, much remains to be discovered. The article by Begg et al. ( 4 ) in this issue of the Journal provides another piece of the intricate puzzle.
Cutaneous malignant melanoma (CMM) is a complex disorder with genetic, environmental, and host factors contributing to its pathogenesis. CDKN2A is the major known high-risk melanoma susceptibility gene. MC1R also infl uences melanoma risk but is described as a low-risk susceptibility gene ( 1 -3 ) . Although much has been learned since CDKN2A was identifi ed, much remains to be discovered. The article by Begg et al. ( 4 ) in this issue of the Journal provides another piece of the intricate puzzle. Begg et al. ( 4 ) estimated the lifetime risk of melanoma among relatives of CDKN2A mutation carriers who were ascertained using a population-based study design. Probands were incident CMM case patients with either fi rst (SPM) or subsequent melanoma (MPM). As has been observed recently, the response rate was much lower than hoped, with a participation rate of 53% ranging from greater than 75% for two small sites to 55% -58% in New South Wales and British Columbia (40% of the sample) and less than 50% in all four U.S. sites and Ontario (52% of the sample). The low response rate may have led to greater participation of subjects with a family history of melanoma as suggested by a 16% family history of melanoma compared with 8% from a previous meta-analysis ( 5 ) . The authors evaluated 3550 probands for mutations in CDKN2A and identifi ed 33 mutations in 65 patients (1.8%) ( 4 ) . Melanoma histories in fi rst-degree relatives of these probands were used to calculate the lifetime risk in CDKN2A mutation carriers using the kin-cohort method ( 6 , 7 ) . Overall, the risk of melanoma in mutation carriers was 14% (95% confi dence interval [CI] = 8% to 22%) by age 50 years and 28% (95% CI = 18% to 40%) by age 80 years. The risk varied depending on whether the proband had one or more melanomas with risks by age 80 years of 19% (95% CI = 7% to 37%) for SPM versus 35% (95% CI = 22% to 51%) for MPM. These results expand the spectrum of melanoma risks by extending fi ndings to CMM patients without extensive familial aggregation but do not provide a lower bound because mutation carriers were identifi ed by their melanoma status ( 8 ) .
Previously, the largest evaluation of melanoma penetrance in CDKN2A mutation carriers came from a Melanoma Genetics Consortium study of 80 families with CDKN2A mutations and multiple case patients with CMM (average of fi ve melanoma patients per family) ( 9 ) . Bishop et al. ( 9 ) modeled penetrance for melanoma using a logistic regression model incorporating survival analysis. Overall, CDKN2A mutation penetrance was 0.30 (95% CI = 0.12 to 0.62) by age 50 years and 0.67 (95% CI = 0.31 to 0.96) by age 80 years. These estimates were considered upper bounds of penetrance because of the selection of families. Penetrance estimates differed according to the population incidence rate of melanoma: by age 50 years, 0.13 in Europe, 0.50 in the United States, and 0.32 in Australia; by age 80 years, 0.58 in Europe, 0.76 in the United States, and 0.91 in Australia. The results suggested that the same factors that affect population incidence of melanoma may also mediate CDKN2A penetrance ( 9 ) . ) used different study designs and analytic approaches for estimating melanoma risk/penetrance, the fi ndings are complementary and consistent with what would be expected. As has been shown in several family-based studies of melanoma, genetic (e.g., MC1R), host (e.g., dysplastic and typical nevi), and environmental factors (e.g., sun exposure) increase the risk for melanoma in CDKN2A mutation carriers and may infl uence penetrance for melanoma ( 10 -15 ) . Given the importance of these other modifying factors for penetrance, it is expected that families with many cases of melanoma may share the CDKN2A mutation as well as the other factors ( 4 , 8 , 9 ) . Melanoma risks derived from population-based or other non -family-based sources of data would be anticipated to be lower than the risks observed in multiple-case families. This phenomenon has been observed in the much larger body of literature on the risks of breast cancer in BRCA1/BRCA2 mutation carriers ( 4 ) . Comparison of multiple-case melanoma families and population-based samples may provide a fertile pathway to help to identify the many factors contributing to the complementary penetrance/risk estimates observed in these studies ( 4 , 9 ) .
It is not currently possible to accurately predict who may be carrying a CDKN2A mutation; however, two factors previously consistently associated with an increased frequency of CDKN2A mutations were observed by Begg et al ( 4 ) -MPM and the number of melanoma patients in a family ( 2 , 3 , 16 ) . Overall, 3% of MPM patients compared with 1.3% of SPM patients had CDKN2A mutations. Begg et al. ( 4 ) found only 1 of 18 carrier probands with three or more reported relatives with melanoma. However, the frequency of mutations statistically signifi cantly increased as the number of reported relatives with melanoma increased overall and in all subgroups reported ( 4 ) . If the estimated mutation frequencies are representative for the U.S. population, testing all newly diagnosed melanoma patients in 2005 ( n = 59 580; 98% SPM) ( 17 ) would yield only 779 carriers. Of these, 36% would have neither a family nor personal history of melanoma.
The results by Begg et al. ( 4 ) reinforce why it is premature to consider widespread genetic testing for CDKN2A. Mutations are rare events even among higher risk groups. Risk estimates are imprecise and most importantly, clinical care would not be altered ( 1 , 16 ) . The highly variable penetrance among mutation carriers would not be advisable to use alone for counseling. Although CDKN2A mutation status is an important component of familial melanoma susceptibility, it is not the only risk factor that should be considered in counseling patients or their family members.
There is extensive research ongoing to identify other genetic factors for melanoma. The success of identifying other high-risk or low-risk susceptibility genes depends on many issues including the wide variation in melanoma risk and risk factors observed in multiple studies. The types, frequencies, and effect sizes of the genetic factors will determine how challenging they are to identify. To further our understanding of the complex etiology of melanoma, family-based, population-based, tumor-based, and molecular-based study designs and their corresponding analytic approaches will all be essential to continue to add pieces to the challenging puzzle that is melanoma.
